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MICROFLUIDIC VALVE AKD 
INTEGRATED MICROFLOIDIC SYSTEM 



Technical Field 

5 The present invention relates generally to regulating 

delivery of minute quantities of liquids, and more specifically 
to microf luidic systems particularly for analytical instruments 
such as those used for DNA or peptide sequencing and medical or 
clinical diagnostics - 

10 

Background Art 

Various efforts are underway to build miniature valves and 
pumps in silicon for micro-f luidics . It is however proving to 
be difficult to produce good sealing surfaces in silicon, and it 

15 turns out that these valves, although in principle mass-produced 
on a silicon wafer, become expensive in their packaged finished 
form. Consequently, such micro-f luidic components can hardly be 
considered inexpensive and/or disposable. Moreover, in such 
micro-f luidic components liquid contacts the valve and pump 

2 0 bodies and passages, thereby creating a contamination problem if 
the micro-f luidic component is to be reused. In addition, these 
micro-f luidic valves still must be interconnected into systems, 
and such interconnection also becomes expensive. 

This interest in micro-f luidic components has been spurred 

25 largely by the rapid developments in the medical and biological 
sciences and related fields. In many such applications, small 
amounts of liquids need to be dispensed, samples need to be 
introduced and mixed in a given sequence with a variety of 
reagents, and the reagent products need to be examined for the 

30 presence or absence of particular species. In addition, 
obtaining good analytic results often requires that the dead 
volume associated with valving and tubing be extremely small. 

Examples of processes which would benefit from a micro- 
f luidic system are immunoassay tests, or DNA tests for forensic 

35 applications, infectious or genetic diseases or screening for 
genetic defects. These tests often involve the polymerase chain 
• reaction f"FCR") v;hich is used to multiply strands of DNA many 
fold thereby obtaining sufficient material for standard analytic 
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tecnnlques. ror -any clinical applications, it - "^"^^ 
^raLe to perform tests in a doctor's office ratner tnan at 
a r"»ote laboratory, tnere.y saving the costs and t.„e of sa^pX. 
preservation, contamination and transportation. Hence portable. 
5 Lll, fully integrated systems, capable of performing these 
complex tests are highly desirable. 

For these types of analytic systems, it is often desirable 
« incorporate some of the reagent liquids into -y^"" 
thereby reducing local operations, and to guarantee that the 
10 reagents have the same quality as originally provided by their 
lanuracturer. In many cases, it is desirable that the unit be 
completely automated, and that only the sample liguid need be 
intrLucel into the system. It is also often advantageous to 
;^rform a battery of tests on the same sample, either simulta- 

" :h^rsToVri-ytical instrumentation, large quantities 

of liquids may be required, more than can be conveniently stored 
in i micro-f luidic system. However, it is still highly desirable 
::der such circumstances that the complex array of interconnec- 
,0 tions Of very small tubes, valves etc. be replaced by an 
tregrated system which is much less prone to leaKage. dead-space 
and contamination, and that costs substantially l"^" 

presently, an area of materials research ^""^^'"^ " 
combinatorial synthesis seeKs to synthesize as possible 
25 pharmacuticals "polymeric" materials that consist of ^" 

trary but pre-specif ied sequence, assembled fro- different 
rnoI«ic starting materials. Extending the concept of the four 
base pairs that maKe up genetic material and the "-^V amino 
acids that maKe up all proteins, this area of chemical synthes s 
30 seeKs to synthesize such polymeric materials, one monome c unit 
at a time, an chain of monomeric units chosen ^^^^ 
as many as two hundred different monomers. It iS readily 
Apparent that assembling a syste. to perform combinatorial 
syrthesis using conventional laboratory apparatus is a herculean 
35 task. 
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^i--^=^"^t1t;'rtf present invention is to provide a si.pXe 
An object of the p inexpensive, fast. and 

„icrotluidic as building blocK in 

„on-=ontam.natinq. =">^ „icro£luidio systems. 

.ese.biin. »ucn .ore -P-" " i, p.^vide a 

Another o--^-' J/ ^„ dead volume , 

„icro£luidic vaive that has ^^^^^^^^^ ^^^^^^^ ^„ 

Another "J./^^.^ia delivery system capable of 

inexpensive , liquids. 

0 pipettin, microliter <'--;--^:^^„^'' ,„,,„,i„„ ,o provide a 

ctcuit Where a!l li.uid passa.es. val ts. 

inexpensive •=°""^"" , „^ invention is to provide a 

Another object of th. pr ^.^^^^ „ large liquid 

„icroflUidic system that -^/^/°^^^^^^,„„,i„i<,i, system, 
.eservo.rs that are 7„«„,ion is to provide a 

Another object of the p^^ion of valves do not 

microtluidic system in which an actuator p 

,0 become contaminated ^^^/>';renr"veneion is to provide a 

Another object of the presen liquids may be 

microfluidic system in which a -""-"^/"^^J^^ .".e reusable 
disposable, but an actuator portion of 

without cleaning. invention to provide a 

25 Another object of the pres container all 

microfluidic system that ^"^^-^^^^^^^J^ chambers. heaters, 
liquid passages. ' ^„ process monitoring . 

electrodes, detectors and/or acce P ^^^^^^^^^ ^^^^^^^ 

Another object of the P diagnostic 

30 self-contained ^^^ ^^^^^^ ,11 expensive hardware 

or analytical applications. 

wi.nout need for -^-"^"J . ,,,, invention to provide a 

I,: is further an ^^^^-'^^ interchanging 
modular microfluidic system that perm. q ^...^rent 
Other associated components to pr 
35 valves -"'^ ; performing different processes. 

system ^^-^^^^^Z;/ /^.....ent the present invention is a 

Briefly, in a ''^^^ ^ ,1^, of a liquid through an 

n^icrofluidic valve for controlling 
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is enclosed along at least one surface 
elongated capillary that xs ^"^1°^ „>icrof luidic valve 

Hv a layer of a malleable material. The microti 
tncludes a valve housing adapted to be pressed firmly against the 
layer Of .alleable material. The microfluidic valve also 
riudes an electrically-powered actuator secu^^^^^^ 

valve housing which, upon ^^J^^^^^^^^^ reacts 

from the layer ot m „u„,ed to the electrically-pow«red 

the ^icronuid.c .X.=trlc.Xly-powered 

against the layer ot mo ^niet ©ort of the 

\ ^ ^ »r^v liauid from flowing from an inlet por^ 
and bars any ^^^"^^ retraction of the blade from 

capillary to an outlet port. introduced into the inlet 

the layer of malleable material, exit the 

port of the capillary may flow through the capillary 

. ,..h that <>. 

includes . reservoxr ^'^^^ " , substantially planar, 

liquid. The pouch P""""'^,'""'" _„.,,^s outward £ro» the 
elongated. P-aie-s-pe- ^^^'^r.Ued with an anvil surface 
.eservoir -''/^^^f ",,„'^,, included in the .icrofluidic 
25 o£ a base plate that is pretera y interposed 
valve. Disposed in this position. 

between the blade ot the valve ;-""/^';^„\tn aperture that 
.he no«le also P-"""- i- u-s a ^^^-^j;;-^^^^ 

„,tes with and "^"'^^^ '^^^^^XZ within the nozzle 

30 base plate of the .nicrofluidic ^^e blade of the 

is the elongated cepillary ^^^^ -fret "port communicates 
microfluid.c va ve. The cap y ^^^^^^^^^ 

directly with the reserv ^ ^^^^ registration 

between the blade /^^^ ^J^^^^ e„,3,es the base plate, s 

» aperture of the 7^';^;^ ,^ pert is located distal 

registration pin. The capilia y blade of the 

»o. the reservoir, """^ '/^f^-J.r " ' surt ace , pressure 
valve housing from the base plate s 
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applied to the reservoir urges the liquid to flow out of the 
pouch along the capillary and through the outlet port. 

The simple, planar valving concept described above for the 
liquid delivery system can be used as a component in assembling 
5 much more complex microfluidic systems which also form part of 
the present invention. The valving concept described above for 
the liquid delivery system can be analogized to a planar 
transistor that permits assembling micro microfluidic systems 
being analogized to integrated circuits. As used in integrated 

10 circuits, the planar process, originally developed for fabricate 
ing individual transistors, replaces a collection of individual 
discrete transistors with devices integrated into a single, 
complex, monolithic device. These integrated transistors, formed 
with diffusions and oxidations, and inter connected by electri- 

15 cally conductive leads, can be regarded as valves for electrical 
currents, all of which are concurrently formed during processing 
of a single silicon wafer substrate. An analogous principal may 
be applied to the planar valving concept described above for the 
liquid delivery system. The single valve and reservoir concept 

20 can be extended to multiple reservoirs, which can be connected 
through capillaries and valves, and all of which are formed in 
a single integrated assembly. 

Accordingly, the present invention also includes a 
microfluidic system for controlling flows of a liquid through a 

25 plurality of interconnected, elongated capillaries that are all 
enclosed along at least one surface by a layer of a malleable 
material. The microfluidic system includes a plurality of valve 
housings adapted to be pressed firmly against the layer of 
malleable material. Each valve housing includes an 

30 electrically-powered actuator which, upon application of an 
electrical signal, extends toward or retracts from the layer of 
malleable material- Each electrically-powered actuator is 
coupled to a blade that is shaped so extension of the 
electrically^powered actuator toward the layer of malleable 

35 material juxtaposes the blade with one of the capillaries, and 
presses the blade against the layer of malleable material. 
Pressing of the blade against the layer of malleable material 
occludes the capillary and bars liquid from flowing from the 
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capiUarys Inlet port to .ts outlet port. Upon retraction of 
Z L^l tro. the layer of .aUeable material, liquid introduoea 
"to t«e capillarys inlet port may flow through the capillary 
to exit the capillary's outlet port. 

The .icrof luidic system is particularly adapted for use with 
pouch that includes a layer of malleable material ''"J 
plurality of liquid filled reservoirs. The pouch has » 
tially Planar surface that is adapted to be 3-"'»-<' "f^/" 
anvil surface of a base plate that is preferably included in the 
10 microf luidic system. Oisposed in this position, "P";™J' 
interposed between the blades of the valve housings and '^'>e »nvxl 
ITZI. The pouch also preferably includes a reaction chamber 
into Which liquid may admitted from the reservoirs under the 
control of the microfluidic system's valves. Provisions are made 
.3 for heatln, and cooling the reaction chamber, and for applying 
virious diagnostic techniques to monitor liquids flowing through 

present invention is useful in all applica- 

■ 1 irt.iirtfi need to be dispensea, 

tions where small quantities of liquids neea i^o f 

.0 mixed, reacted, possibly heated or cooled, and - action 

products inspected. Such applications occur in •'^-"^"^^"^ 

La^nostic testing, environmental or forensic testing. '-^^^-"^ 

Che- .stry. fine chemistry, biological sciences, combinatorial 

lynthesls, etc. A microfluidic system in accordance with the 

present invention simplifies, if not eliminates the nest of 

tubes and valves, usually associated with present ligu.d delivery 

systems capable of performing such processes. Moreover, the 

present microfluidic system may provide all of these features in 

a compact. P"^'"; ^^^^^^^^^^ advantages will be 

30 These and other teaT:ures, ^^j 

understood or apparent to those of ordinary -^^t 
the following detailed description of the preferred em 
as illustrated m the various drawing figures. 

ic. RT-ief Description of Drawings 

35 «--'^^^--=^ ^ ^^^^ , ^,,i„ery system for controllably 

releasing a flow of a liquid from a pouch; 



BNSOOCJD •WO_972Pe2S*^. 



PCT/US96/20217 

WO 97/22825 

- 7 - 

3 ,s , cross-.e«ion.l view of .he liquid delivery 

^^-^r:':z^ :;u:c"n:;ic .s^e. in .c„e 

„i.. p:e;en/invencion .na. uses pouches for hoiain, X..u.as 
, - ^-rXr::^:^'^- - U,ui. .eUver. 

3,s«„ .,.en alon, . /.i^..^, dimensions for 

. pou" .h.: -n»V - - .icrcfXuiaic systems of .he type 

,0 aepicted in riG. ^,,„ pouch «Ken alon, 

'r": "\r/cross:se«ional view of a preferred e.^i.ent 
a vaxle included in the microf luidic system ta.en alon, the 

" ^"';ro."va"Ts" Plan view of the valve included in the 

.icrofluid.c system taKen alon, ^^^X^ea^d the capil- 

illustrating the relationship between the hlade 

,0 '""'ric 7b is a cross-sectional view of the valve included in 
" .ne Icrofluidic system ta.en alon, ^ J^j: ^ ^,1;. 

illustrating the relationship between the blade 

'""'fig S is a cross-sectional view of an alternative embodi- 
ment low dead volume implementation of the microfluidic valve 
aepicted in riG. 7, ^^^^ ^ ^^^^^^ ^ ^^^^^^ ^ microfluidic 
systel ^mplerente: usin, the load dead volume microfluidic valve 
30 "lo":-a"plan view depicting a microfluidic system 

.icrofluldic system taKen along the line lla-ila in ri=, 11; 
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FIG 12 is a cross-sectional view illustrating attachment 
of an u.traviolet transn,issive Teflon windows over a segment of 
a capillary on both sides of a pouch; 

FIG 13 is a cross-sectional view illustrating attachment 
of an ultraviolet transmissive Teflon windows over a segment of 
a capillary on only one side of a pouch; 

FIG 14 is a cross-sectional view illustrating attachment 
of a Total internal Reflection (-TIR-) detector that contacts 

liquid within a capillary; 

FIG. 14a is a cross-sectional view depictxng the TIR 
detector taken along the line 14a-l4a in FIG. 14; 

FIG 14b is a cross-sectional view depxctxng the TIR 
detector taken along the line I4a-14a in FIGs. 14 and 14a; 

FIG. 15, is a plan view depicting a microf luidxc electropho- 

res is detector; . 

FIG 15a is a cross-sectional view depicting the 
nvicrofluidic electrophoresis detector taken along the line 

I5a-15a in FIG. 15; 

FIG. 16 is a plan view of a pair of microf luidic valves on 
either side of a reservoir that is adapted to dispense a precise 

quantity of liquid; and _„,,,„i/iic 
FIG 16a is a cross-sectional view depicting mxcrpfluidic 
valves and reservoir taken along the line 15a-15a in FIG. 15. 

f^- r.rrvini i the InveBtion 

|^<T.-nfliiH?i° Valve 

FIGS. 1 and 2 illustrate a ^icrofluidic delivery system that 
is referred to by the general reference character 20. The 
.icrofluidic delivery syste. 20, which controllably "^'"^ » 
, flow of a liquid fro. a planar pouch 22, includes a base plate 
The base plate 2. has a planar anvil surface 26 from which 
projects a pair of registration pins 28. , , 

Disposed above the anvil surface 26 of the base plate 2 is 
a hollow! pan-Shaped valve housing 32 that Is adapted to clamp 
. the pouc^ 22 against the anvil surface 26. The valve housing 32 
includes a disK-shaped plezo-electrlc actuator 3. that is secu ed 
within the valve housing 32 in an orientation ™ "^^ 

electric potential applied across the 
or decreasing an electric 
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34 causes at: least a portion of the 



10 



p.ero -1-"" plezo-electric actuator 34 may be a 

Tased lead lanthanL zlrconla titanate ("PLZT", material. 
.„ess-b.a ed ^^^^^^^ ,„,„i,3 and sold under t.e 

r:;:;: prUu des^nat^on. -Tcrer/na: 

PLZT "aterxal The o ,^,„ically reducing the 

co.pos.txonaUy reducea y^^^^^^ ^^^^^^^ ^ „„auctive cermet 

oxides in the native Pi- typically comprises about 

.ayer. J-^^^r^.s .e^ovTn, o. the oxide from one 

30 % Of the conductive cermet layer which 

side of the unimorph shrinks compression. 

a bimorph. Includes a blade 36 coupled to the 

The valve housin, 32 also in _^ ^^^^ 

, piezo-electric actuator 34 " the anvil 

extension of the P^^^^^'f "^^m^es an edge 3e of the 
surface .e, -"^^^-^:nTur ace ; Applyin. ^ pre-specif ied 
blade 36 toward the anvil surt ^.l^^e 36 

voltage to the plezo-electric aotuator 34 9 

-p^^^ t-hkf^ anvil surface 2o. 
5 toward or away '^2Ts>>^Z \.9. stainless steel, l.o mil to 
typically a thin metal sheet, e.g ^^^^^ ^^^^ 

several mils thick, and short enough that it wll ^^^^^^^ 
pressing against the anvil surface 26 by the pl 



pressing 
actuator 34 

30 



""^^ 22 is preferably made from upper and lower 

The pouch 22 IS prefer y one-half 

flexible, .alleable polymeric sheets 42 and 44 ^^^^^^^^^^^ 

t-Hink The sheets 4 2 ana 

TamLrd fUit a -;:-;;r:ora^=; 
---"^rr :r:aVrrc:rlo:^:r;rch 22. and typ^auy 
- :::rrrri:atirre sheets 42 and 

4. is formed inco a dish-shaped cav.ty 52 that 
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a fla^ rim S4 . upon completion fabrication of the poucn 22, the 
cavity 52 becomes the liquid filled reservoir 46. 

The nozzle 48 includes a pair of registration apertures 56 
that mate with and engage the registration pins 28 of the base 
mate 24 The nozzle 48 is juxtaposed with the anvil surface 26 
o the base plate 24, and interposed between the blade ,6 of the 
: ive housing 32 and the anvil surface 26. The "O"- " 
includes an elongated capillary 62 formed between the -»eets 42 
Z 44 that has an outlet port 64 opening distal from the 
"Lrvoir 46 and an inlet port 65 at the reservoir 46. The 
"pillary 62 may include a optional first segment 66 that extends 
capillary j rtiractlv with the reservoir 46, and 

outward from and communicates directly with 
that has a comparatively small cross-sectional area. The 
segment 66 of the capillary 62 may be /j;^^^ 
> liLgraphically etched into the sheets 42 and 44 with either dry 
or wet etching. The optional first segment 66, which does „ot 
extend between the blade 36 and the anvil surface 26, acts as 
florrestriction during operation of the microtluidic delivery 
20. A second segment 68 of the capillary 62 extends 
0 outward from and communicates directly with the first segment 66 
and has a cross-sectional area that is larger than the 
cross-sectional area of the optional first segment 66. The 
capillary 62 is disposed between the blade 36 and the anvil 
sur ace 26 when the registration apertures 56 of the nozzle 48 

. Lte with and engage the ------^ //.t^^::;:: ^ 

24. Furthermore, the valve housing 32 may be keyed 
surface 26 to correctly register the blade 36 with respect to the 
capillary 62. The surface of the valve housing 32 that overlays 
th! capillary 62 within the nozzle 43 must be relieved so 
30 Te-ure Of the valve housing 32 against the sheet 42 does not 
occlude the capillary 62. Prior to inserting the " 
between the blade 36 and the anvil surface 26, the P"-'^ " "J 
include a "filling nozzle," such as those described in greater 
detail below, for tilling the reservoir 46 with liquid. 
„ ipon redacting the blade 36 of the valve housing 32 from 

the anvu surface 26 of the base plate 24, pressure J^-^ 
.he reservoir 46 urges the liquid in the reservoir 46 to flow 
along the capillary 62 and through the outlet port 64. Converse- 
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ly , extending the blade 36 toward the anvil surface 26 presses 
the malleable material of the nozzle 48 together thereby 
occluding the capillary 62 and barring the liquid from flowing 
from the reservoir 4 6 along the nozzle 4 8 with the sheets 4 2 and 
5 44 where pressed together by the blade 36 forming a valve seat. 
To surely block the capillary 62 when the blade 36 extends toward 
the anvil surface 26, the blade 36 has a width perpendicular to 
the capillary 62 that exceeds the width of the capillary 62. 

When the blade 36 occludes the capillary 62, preload in the 

10 piezo-electric actuator 34 for typical applications provides a 
force of one to several hundred grams urging the blade 36 toward 
the anvil surface 26. To open the capillary 62, the 
piezo-electric actuator 34 is electrically activated by applying 
a voltage across electrodes 72 and 74 covering opposite surfaces 

15 of the disk-shaped piezo-electric actuator 34. Application of 
a voltage across the electrodes 7 2 and 74 retracts the 
piezo-electric actuator 34 together with the blade 36 from the 
anvil surface 26. Because the preferred stress biased 
piezo-electric actuator 34 provides very large deflections, on 

20 the order of hundreds of microns responsive to application of a 
few hundred volts, fabrication of the microfluidic delivery 
system 20 involves feasible mechanical tolerances. Furthermore, 
such a displacement of the piezo-electric actuator 34 and the 
blade 36 is sufficient to overcome the preload imposed by the 

25 valve housing 32, and to thereby open the capillary 62. Since 
liquid flow from the microfluidic delivery system 20 is electri- 
cally controllable, opening and closing of the valve may be 
effected by signals from a microprocessor, not illustrated in any 
of the FIGS. 

30 In fabricating the pouch 22, after forming the cavity 52, 

and, if desired, etching the optional first segment 66 into the 
sheets 42 and 44, the sheets 42 and 44 are selectively laminated 
along their perimeter encircling the reservoir 46 and along the 
elongated edges of the capillary 62 within the nozzle 48. The 

35 sheets 42 and 44 may consist of just about any polymer, prefera- 
bly one that can be heat sealed. Even polyethylene pouches 22 
have been successfully used. Preferred materials for the sheets 
42 and 44 are polyimide or Teflon*- coated polyimide due to such 
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■ 1.. inertness and mechanical properties. The sheets 42 
rrirare preTerallV laminated together usin. thermocompression 
S\L thereby producing a bond which does not increase the 
ricKnels Of Je juxtaposed sheets .2 and 4.. and provides a 
thicKness" and hence leaK-free bond at the edge of the 

^^'"urtLronic bonding may also be used to laminate the sheets 
42 and 44 together. Alternatively, a bonding agent may be sxlR 
42 and 44 tog selectively bond them 

^^^Th" :ry Tn%re-estab Id areas upon juxtaposing the two 
together only xn ^ ^^^^^ be as thin 

^'^^'Lrbirsince operatTo'n o. the valve relies on pinching two 
Ts 42 and 44 together. However, methods for dispensing 
sheets 42 and t g thousand angstroms, with very 

bonding agents, as th n as a tew ^^^^^^ available, 

good uniformity over large areas ar series with 

coupling two of the valves described above xn serxes wxth 
. small reservoir located in the capillary 62 between them 
a small reserv independent of the liquid's 

v.... ..e ...... -^atz 

rLn^..e n.s. v.ve opens .n, en ^^^^^^ 

pressurize .he intermediate cap.Uary 02. A ter 

n»^w 6? is full and pressurized, the first vaive 

se/oL vaive opens xL, enou,. to co.pleteiv aisCar^e the 

liquid in the inter>.edlate "Pi""/ " . ^^a and 
, FIG. 16 depicts two valves, indaoated "y^he bla 

36b, located along capillary 62 on opposite sxdes of = P"""^^^ 

Chamber 32 that .ay be - dispense . P^^^J^ - 
liquid, similar to a convent onal pipette 

^ understood as bein, ""P^/^; le and 16a 

0 on either side of the capillary 62 i„ 

fro. left to ri,ht. The P-"-;- /^^^^^./^ J«ed in FICs. 
the Sheet « in the same way as t- v>ty . ^ P^^^ ^ ^^^^^^ 

quantity of liquid, processing 

35 While the blade 36a opens to admit liq illustrated 

Chamber 82 from a reservoir such as the ^.^^^ 

^ o After the processing chamber riiis 

in FIGS. 1 and 2. After P ^^^^1^3^^ e2 and the blade 
.Uquxd. the blade 36a pxnches off the capxll > 
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. Then a pis«n 84, illusrrat.d in FIG. 16a. descends 

rabllshea afs.anee p.essin, on the sheet 4. overlyln, the 
. pre-estabUshed ax ^ 

^"rrelect : ctuato., nL separately illustrated in rXOs^ 
" that is similar to the piezo-electric actuator « 

' " a i" Pics and The controlled downward displacement 

Ttt p sti; S. discharges a precisely controlled amount o, 
H from the processing chamber 82 into the capillary e2 past 
Downward movement of the piston S, may discharge 
the blade 36b. Down processing chamber 8a. 

X5 spring-loaded magnetic actuator may be used i-"-" °^ "'^ 
15 a spring magnetic actuator, a 

::::LmeT preload and retracts the blade 36 from the anv.l 

20 surface 26. 

^itff^tl^I^rate a micro.luidic system xn accordance 
with the present invention referred to by the general reference 
H .ct!r 100 Similar to the microfluidic delivery system 20. 
25 character lOO. ni-mx^a „iate io2. The base 

the microfluidic system 100 includes a base P^"^^"' 
plate 102 has a planar anvil surface 104 from which P^"'^^'^ 

. - „ ,.ins 106 A substantially planar pouch 108 rests 

rre":;:! suTface 104, and four registration apertures 112 
30 Torm':: through the pouch 108 mat with ^ -T;; 

..on Pins 106 Of the base P-^ 

"'""L'loIer flLibte malleable polymeric sheets 114 and 116 
upper and 1°"" ""^ ; oi„ering from the pouch 

that are one-half to a few mil ^^^^^^ 

3S P"-'""^ '"=^"7;;^,'"^ 3„a 4, three Uguid filled 

in the illustration pi,„„ capillaries 126a, 

reservoirs 124a, 124b. and 124c. Three p 
I26b and 126= respectively communicate oirectly 
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• o -19^;. 124b and 124c. Similar to the 

^'^^rre capillarTes . and .2Sc .ay .e narrowed 

any of the ^^^^^^''.^ ^24b and 12 4c and the to provide 

between the --^-°;;^!;^^;;;;,ir;,ea, 126b and 126c. 
restrictors for such capillaries 12 , 

The three elongated capillaries 126a, I26b 

^^om their respective inlet ports 127 at the 
ex.en.in, aw=y ^^^^ .esp^civelv pa.s ^neat. one 

reservoirs 124a, l^'"'' „ ,^3, before reaching 

^nree valve -"""^^^^ ^^"joj^cn lunc.ure X3a. The valve 
.heir outlet P-«^" ^^3^, „e similar to the valve 

assemblies 128a, 3„i„3t the planar pouch 

depicted in FIGS. 1 and 2, are P ^^^^^^ated in any of 

.oa with cla.ps or springs that are n ^^^^^^^ ^^^^ 

.ne FIGS. AS i''^-"«\^^;/';„,\;3, ,„„„cts the sheet 11, of 

«^ "v« " Jia occludin, the capillaries 12.a. 

the pouch 108. However, to avo ^^^^ ^^^^^ ^^^^^^ 

and ^-^^7::/" rand 12.C that passes between the 

of the "''^""^'^^^\"^;,3", o, ,,3c and the anvil surface 104. 
valve asse,.blies "^^^ " ^^.te,. 20 depicted in FIGS. 

„ Similar to -^^^^^^ it:^^ in each of the val mhU.s 

1 ana 2. a blade ^^„„„„, , pie^o-electric 

128a, 128b, and 128c j„^„ed through the lower 

actuator 137 through an aperture ^^^^ 
.urface 134 Of each of the valve asse. 1 . 12ea. ^^^^^ ■ ^^^^^ 

. „ the P^"°--^-;^;j::rer 1 thereby respectively occluding 
136 presses against the sheet 11 plezo-electric 
.ne capillaries 126a, 126b and " ,36 

...uator 13, is ^^^^^ -rr::; owning the capillar- 
retracts from the anvil suriace 

30 ies 126a, 126b or 126c. ^aoillary 142, which passes 

• 1 «. 14 1 of a common capiiiary , 

An inlet port °' Juncture 132 of the 

through the reaction Chamber 2, P^^ ^^^^^^ ^^^^ 

capillaries ""•1"" „icrofluidic system 100 includes a 

common capillary 142. ...ervoirs 124a, 124b, and 

3. Plunger 146 ----J^:;^:: „ rtea in FIG. 4. The plungers 
12, c, only one of whxch is „servotrs 124a, 124b, and 

::::::: rc^rrrte-oirs 124a, 124b, and .40 



wo 97/22825 VCTf\J%9tn01 i 7 

- 15 • 

through the capillaries 126a, 126b and 126c to the reaction 
chamber 122. If the pouch 108 is fabricated from layers of a 
suitable polymeric material such as polyimide, the reaction 
chamber 122 may be heated either by a resistive electric heater 
5 152 integrated into the pouch 108 as is commonly done, or the 
base plate 102 may include a block heater and/or thermoelectric 
cooler 154 located in the base plate 102 that is juxtaposed with 
the reaction chamber 122. The pouch 108 may include additional 
mixing and reaction chambers as required for a chemical process 

10 to be performed by the microfluidic system 100, 

Similar to the pouch 2 2 depicted in FIGs, 1 and 2, the pouch 
108 is preferably fabricated by laminating the sheets 114 and lie 
to outline the reservoirs 124a, 124b, and 124c, capillaries 126a, 
126b and 126c, reaction chamber 122, and common capillary 142- 

15 Entire areas of the sheets 114 and 116 may be laminated, or 
laminations may be formed only partially to outline the patterns. 
All the reservoirs 124a, 124b, and 124c are made in the same way 
as that described above for the reservoir 4 6 depicted in FIGs. 
1 and 2 (typically through hot deformation and selective hot 

20 bonding or selective attachment) . Similarly, the capillaries 
126a, 126b and 126c and the common capillary 142 are again 
defined by the laminating the sheets 114 and 116. As described 
above in connection with FIGs. 1 and 2, flow restrictors that 
restrict the liquid flow can be formed by dry or wet etching the 

25 sheets 114 and 116. 

As also described above in connection with FIGs. 1 and 2, 
after the pouch 108 has been laminated the reservoirs 124a, 124b, 
and 124c may be respectively filled through filling nozzles 158a, 
158b and I58c. After the reservoirs 124a, 124b, and 124c have 

30 been filled, the filling nozzles 158a, 158b and 158c may be 
sealed to retain the liquid. Sealing may be effected either with 
heat and pressure, or even with ultrasonic bonding which is a 
comparatively cool process. Alternatively, the filling nozzles 
158a, 158b and 158c can be left open allowing samples to be 

35 infused into the reservoirs 124a, 124b, and 124c (e.g. with a 
syringe) as required. Yet another alternative, depicted in FIG. 
4, is folding a crease into the laminated sheets 114 and 116 
after filling the reservoirs I24a, 124b, and I24c to seal off the 
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filling nozzles 158a, 158b and I58c, and then holding the filling 
nozzles 158a, 158b and 158c in the folded configuration with a 
pinch clamp 162. Alternatively, to avoid using a syringe, 
elongated, flat filling nozzles l58a, 158b and 158c may be 
5 fabricated and incorporated into a peristaltic pump, not illus- 
trated in any of the FIGs», that pumps liquid into the reservoirs 
124a, 124b, and 124c, In such a microfluidic system 100, rather 
than the reservoirs 124a, 124b, and 124c, containers external to 
the pouch 108 may be used and connected directly to capillaries 

10 126a, 126b and 126c if so desired. 

To permit introducing a sample for analysis into a previous- 
ly prepared and sealed pouch 108, analogous arrangements may be 
used. For example, the pinch clamp 162 may be removed and the 
sample introduce through one of the filling nozzles 158a, 158b 

15 and 158c. Alternatively, if for example pouch 108 is already 
clamped within the microfluidic system 100, the sample may be 
introduced by perforating sealed filling nozzles 158a, 158b or 
158c with a syringe, and then manually pushing or squeezing the 
syringe further along the filling nozzles 158a, 158b and 158c 

20 until it reaches the corresponding reservoirs 124a, 124b, or 
124c. Alternatively, a self-sealing porous plug, such as those 
used in gas chromatography, that can be perforated with a syringe 
may be sealed between the sheets 114 and 116 within the filling 
nozzles 158a, 158b or 158c. 

25 The microfluidic system 100 permits dispensing at will, 

under microprocessor control at predetermined flow rates, 
liquids, samples, chemicals, reagents and body fluids, and mixing 
them together for diagnostic medical or analytical tests, DNA 
sequencing etc. After the process has been completed, the valve 

30 assemblies 128a, 128b, and 128c can be simply popped off, and a 
new pouch 108 installed. Should any valve malfunction, it can 
also be readily replaced- There is never any direct contact 
between the blades 136 and the liquids flowing through the 
capillaries l26a, l26b and 126c. Even in a system that employs 

35 external containers rather than the reservoirs 124a, 124b, and 
124c, removal of the pouch 108 still allows easy disposal of the 
reaction chamber 122 and remnants of materials remaining in the 
.capillaries I26a, l26b and 126c and common capillary 3 2. 
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Because a chemically inert polymer may be chosen for the sheets 
114 and 116, the reaction chamber 122 may be heated or cooled 
etc. to promote or control a chemical reaction. 

The microfluidic system 100 concept is well adapted for 
performing diagnostic tests. For diagnostic use, the whole pouch 
108, including all the desired reagents, can be prepared 
beforehand and then stored or frozen if needed, to be installed 
on the anvil surface 104 when ready for use. Then, when the 
pouch 108 is at the proper temperature, a specimen to be analyzed 
is introduced and the reactions performed. Pressure may be 
applied to the reservoirs 124a, 124b, and 124c by mechanical 
springs, or by external pneumatic means. A microprocessor, not 
illustrated in any of the FIGs. , may control opening and closing 
of the valve assemblies 128a, 128b, and 128c. The high voltages 
but very low power that must be applied to the piezo-electric 
actuators 137 to operate the valve assemblies 128a, 128b, and 
128c can be readily generated by fly-back circuits well known to 
those familiar with electronic circuits. Consequently, operation 
of the microfluidic system 100 may be energized by a single 3 
Volt ("V") battery. 

FIG. 5 illustrates dimensions of a typical pouch 108 which 
may be used in the microfluidic system 100 although the dimen- 
sions are in no way intended to limit the scope of the invention. 
In FIG. 5, laminations 166, indicated by broad black lines, are 
areas of the sheets 114 and 116 which have been laminated 
together to establish reservoirs 124a, 124b, 124c and 124d, 
capillaries 126a, 126b, 126c and 126d, junctures 132, the 
reaction chamber 122 and the common capillary 142. It is not 
necessary to laminate together the entire areas outside of the 
reservoirs 124a, 124b, 124c and 124d, capillaries 126a, 126b, 
126c and 126d, junctures 132, reaction chamber 122 and common 
capillary 142. Laminating the peripheries of these areas is 
sufficient. Laminations as narrow as 0.008 in. - 0.010 in. along 
the laminations 166 are possible. The laminations 166 may 
establish capillaries 126a, 126b, 126c and 126d and common 
capillary 142 that are as narrow as .010 inch. The vertical 
heighr of the capillaries 126a, 126b, 126c and 126d and common 
capillary 142, illustrated in FIG. 6, may be restricted to a few 
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..H. of an inch. Hence the effective cross-sectional area 
rrlpn'res -ea, i3.h, i.ec ana i.e. ana co.™on capiiiary 
142 i.ay be naae very sniall if desirea. 

' ?r7^^rt^ectio„aX View of a preferred e„.oai- 

„ent " the vaive asse.hiy X28P ta.en alon, the line 7-7 in FIG. 
roent of the v Dressing against the pouch 108. 

3 with the valve pre , , ^^^^^^^^ 

The hlaae 136. - J"™ ^ , ,,erehy providing 

,0 piezo-electric actuator 137 With P ^^^^^^ 

for self-adiustin, levelin, against ^H^^ ^^^^ 

«e ""^ .137 ana the blaae 136 are »ountea in a 

piezo-electric p,„„u.es a pre-established 

.,lve housin, ---"troo:. inch, beyond the lower surface 
15 distance, e.g. "-""J^ contacting the sheet 114. 

134 Of the ^beyona the lower surface 13. of the 

Protrusion of the blade y blade 136 

valve assembly l.Sb e-ablishes a ^t,,, ^„33es 

•""'"rtrre^Ti: ata^LeVsses the pouch ICS against 
20 against -"^"^^^ inaavertently occluaing the 

the base plate 102. housing 176, that iS 

capillary "-'^^ ^7::;^:;UVran the capillary 126b, avoids 
oriented parallel to but is along 
contact between the va-e -e.bly 8b »^ ^^^^^^^ ^^^^^ 

25 the length of the -P^ll"^ ,,„t,ot on the 

assembly 128b. hlade 136, which 

Sheet 11. along the capillary 1 ^^^^^^^^^ ^^^^ 

can be electrically """"^ cher,ical analysis, it is 

ror certain applications 

30 desirable to ; ;;-;,;/:ry\ sri aZl of material past 

I.e. a valve l.B ^l^^ '^^VLL, and off. « illustrated 
the point constructed in accordance with the 

in FIG. 8, a valve eli..inates deaa volu.e. In such 

present invention '"" /^""^ ^^^^^ ,,„„.s beyona the 

35 a low aead volu.e valve 1"- " illustrated in FIG. 9. 

envelope of the rA.,,!. fro„ the valve housing 

Since there iS ^^^^^^^^^ 3, ,„oh val .es 123 .ay be 

.176 Of the valve l2o depic^eu 
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„r to the iuncture 132 of two capiHar- 
located ir»ediately adjacent is im».dia«ly 

ies 1«. Flov fro» one «i,i„, and vice 

:: r::::;: colon ca^iua.. .ius.ed r.... up 

r::; rderi3;.na. oc^ude ..e capiila...s l.e. 

«iS£2liai4iS_aMiSBa-AfiS ^^.^ to assemble the 

Ij several valves 128 ar q^^^ ^^^^^^ 

microfluldic systei. 100, "' J'" ^ ^02 to press against 

separately urged """"^^^^f;; Lcrcfluldic system lOO it 
the pouch 108. However, (or su= ^^^^^^ ^^^^ ^ 

is highly deslrahle to ^„ ,03. Similar to 

valve plate 182 as illustrated xn FIGS ^^^^^^^^ ,,ive-plate 

the pouch 108, the ^^^"^ „i„e plate 182 that mate 

, .egistration-apertures 18, P-^^^^^^^^ ,,se plate 102. 

with and engage the „ the base plate 102 and the 

^hus, the pouch lOB is clamped J „,„„ted on the 

valve plate 182. In this way, ^^^ioned with respect to 

valve plate 182 are thus ^"''^^JJ'^T^,.,.^^.^. Not all 
0 the capillaries "^»"^/;;„^\:i :::tai level. The base plate 
valves 128 need be at the same hori ai££ereht, but 

i02 and the valve plate 182 may have s^^^^ ^ 
matching horizontal sections. The 

ciently .tiff that it does not bend ^^^^^^^^^ 
their pre-specified preload valu^ ^^^^^^^^ ^^^^^^^^ 
piezo-electric ,3, .alusted at the same 

valve plate 182, and the "^"^^ preferably mounted on 

time. However each of ^^^^^ ^^^^^^^ assembly that 
the valve plate 182 as a tr ^^^^ ^^g^a 

30 is spring-loaded with respect t th^^^ ^^^^ ^^^^^^^ ^ 

toward the base plate 102 Wi ^ ^^^^^ counting the 

the preload of the ^^^"^ ' ' 3<,„„„„aates any irregularities 
valves 12s - "=7;/,';;; plate 102 and the valve plate 182. 
in spacing between the has p ^,p,„aing upon the design 

3. preloads tor the valves , or pneumatic 

and Characteristics of the P reservoirs 124a, 124b, 

system 182 applies pressure against 
and 124C, it necessary. 
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m areas of contact between a lower surface 192 of the valve 
plate 182 and the pouch 108, it is desirable to provide short 
ridges 188 preferably protruding from the anvil surface 104 of 
the base plate 102, or from the lower surface 134 of the valves 
128 The ridges 188 limit contact between the valves 128 and the 
pouch 108 to small areas in the immediate vicinity of the valves 
128 Thus, the ridges 188 establish well controlled forces xn 
prelestablished areas surrounding the blades 13 6. The ridges 188 
run lengthwise parallel to the capillaries 126, and ^^^J 
intimate local contact between the valves 128 and the pouch 108^ 
;rotrusion of each blade 136 out of each valve 128 xs -ferenced 
.o the immediately adjacent ridges 188, and, therefore, the 
preload for each of the valves 128 can be accurately set over the 
Whole area of the pouch 108. The block heater and/or thermoelec- 
tric cooler 154 and reaction chamber 122 are similar to those 
depicted in FIGs. 3 and 4 , and may be located anywhere on the 
base plate 102 as desired. For example, the valves 128 can be 
located at intersections of a grid system if so desired to 
facilitate designing the microf luidic system 100. A valve plate 
182 may be fabricated that is adapted to receive modular valves 
128 at vertices of a two dimensional grid. Then, depending upon 
a particular process to be performed with the -<=-"-^- 
system 100 and the configuration of the pouch 108, xndxvxdual 
valves 128 can be mounted in the valve plate 182 at appropriate 
vertices of the two dimensional grid for performing the process, 
subsequently, the microfluidic system 100 could be adapted for 
performing an entirely different process using a pouch 108 havxng 
a totally different configuration merely by rearranging the 
valves 128 on the valve plate 182. , ^ 

The microfluidic system 100 can be effectively applxed to 
integrate the PCR technique that is used in amplifying a mxnute 
amount of a nucleotide material. FIGs. 11 and 11a ^^^^^"^^ ^ 
po^>ion of the microfluidic system 100 that has been especially 

^ ^r.r. PPR If the pouch 108 used for PCR is 
adapted for performing PCR. ir H ^ ^ 

. .ad' trc. polyi.ide, i. =an be readily heated and cooled 
su- -.c.ently to perfor. PCR without damage. As stated P— 
IV Lth a polyimido poach lOS heaters may be applied to the 
[ ,,,elf. Alternatively. since temperatures for 
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rvoically below 100 -C. many other polymeric 
pertormin, PCR are -VPi-UV p,iyi„iae. As illus«a«d in 

^teri.ls ..ay be used i"""^ ° " ^ 1,,,^,^ in the base 

„C. lla, heaters ^'^^ ' li;;;^;Z. ;o.c^ lOS , or above the pouch 
p,ate 10. illustrated in FI.s. 11 or lla, , 

108 in the valve plate 182 (no „i„o£luidic syste,. 100 

::;:rientn;eri^rpr^^^ - 

pouch 108 ":,,tcti'vely laJnataa sheets 114 and lie. 

established between "^-^f ^ ^ ,„aerstood as being simply 
The processing chambers 198 Y capillary 
enlarged regions ,e.t to right. « neces- 

126 that crosses FIGS. a isolated from each 

, sary, the two processing -^.^-^^^ ^[1121^.^ i„ „Cs. 11 and 11. 
other by a central valve ^ .,,,„,i„, outward on 

.y only the ^l^ll'l'^^J^^^^^ 1,3 together with valves 

either side of the processing indicated by only 

located on either side '^f ;';„,,de alternative paths for 

0 the blades 136 in FICs. 11 and lla P 1,„. 
controllably introducing ^^''"^/^^^.^^^/^...a into either of the 
TO initiate PCR, the sample is intro 3,t,3eguently. 
processing chamber. is periodically 

the liquid in the processing temperatures Tl 

temperature cycled ^^"^^ jn/complished by heating or 
and t2. Temperature cycling can b ^^.y, ^.y periodi- 

cooling the processing chambers . " „ the processing 

eally Shuttling the liguid ^^^1^"^^°^'^^^^^^,^^ ohambers 1S8 
Chambers 198 while -^^"^'^"'"Ij^^^j one way to shuttle the 
30 respectively at the two 7;;;;^;;;;,„3Sing chambers 198 is 

liguia bacK a- . ii,.ia into either one 

by opening all the ^^^^^^ Mternatively , the liquid 

or the other processing -<^^^^^ ' ^^^^^ the two processing 
be shuttled back ^"^ transducers, not illus- 

35 Chambers 198 by a P""^ °« J' type used in the valves 

trated in any of the FIGs. of th ,i^. j, 

128 Chat are coupled to pistons 202 '^^""^ piezo- 
tne microfluidic systen 100 employs the pistons 
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electric transducers aXtern.tively press the pistons 202 down 
firltonto one of tne process.n, chambers 198 and then onto the 
Ither processing chanber 1.8. As is readily apparent, electro- 
other proces 9 ^^^^ .^^^^^^ pie^o-electrxc 

S rrrnsd:cers"or e^er^i.in, .otion of the pistons 2.a. To enhance 
te^eratu- uniformity while perfor„in, PCR. the pistons .0. ».y 

- --"r.in\\rr::rsrtr:rbe"X=^^^^^^^^ 

r=:; tr^rrcrrsttlila .ay be transferred through the 
ii^v-w 156 to its ultimate destination. 
" iixinr="u<,uids is another operation that .ay also be 

perfor:erusin, a pair cf processing chambers l.S such as t a 

. • r.Tr= 11 and lla. Such intimate mixing of liquids 
:rert^:"o:eTroc«s::, cha.ber 1.3 .ay be achieved by periodi- 
15 cally Shuttling the liquid to an adjacent processing chamber 198 
usiio the pistons 202 as described above. Intimate °^ 
nrid in The initial processing chamber 19S occurs -^^e " high 
Lrbulence which occurs during transfer through the -P^^^^V 
to the second processing chamber 19 8. Alternatively, 
! of mixing can be obtained by periodically tapping the 

,0 degree of ""-J ^ „ ^.ving a knurled face 

processing chamber 198 wn^n f n^ocessinq 
that contacts the upper sheet 114 that covers the processing 

^'''■"The'planar form of the processing chambers 198 and capiUar- 
ies 126 permits integrating a variety of simple detectors .nto 

he :Lr:fluidic system 100. ror "-P-" ^h 

1^ /"iTV'M radiation. It rne pouwn 

quite transparent to ultraviolet ( uv ) ra Teflon 
X08 is formed from sheets 114 and 116 of polyimide - J^^^^ 
coated polyimide, which is less transparent to uv "-"-"^^^^ 
„ »h.n a Teflon window may be attached over parts of the 

Tr ;in -mbt" 198 and.or capillaries 126 as illustrated in 
FIG 12 TO establish such windows, a Teflon coating 212 3 on 
The' lower polyimide sheet 116 is bonded hermetically (eg 
: ermallv, chelically or ultrasonical ly , to a Teflon window 4 



30 



.hat provides "^--"j; ~ 'r.^ rrrnspatent only to a 
3 0.00. inch -.c". film of pol m ^^^^ ^^^^^ ^^^^^^ ^^^^ 

wavelength of -^"^^^^/^^^^ . ^,„3 , „e Teflon window 214 

a transparency of 82-. at 25^u 
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permits efficient exposure of liquids within the processing 
chamber 198 or capillary 126 to excitation using various sources 
of deep UV light. A 0,001 inch thick Teflon window 214 also 
transmits 97 % of all solar radiation impinging upon it at normal 
5 incidence, and shows virtually no absorption up to a 7 micron 
wavelength. Accordingly, the Teflon window 214 permits fluores- 
cence analysis of chemical species present within the processing 
chamber 198 or capillary 126. Two overlapping Teflon windows 
214, one on each side of the pouch 108 may be used to make 
10 transmission type measurements. Alternatively, a single Teflon 
window 214 may be positioned on top of the pouch 108 as illus- 
trated in FIG. 13, by providing a Teflon coating 212 on the 
outside of the top sheet 114, or by bonding a layer of Teflon 
film to the sheet 114 using other means. This location for the 
15 Teflon window 214 impedes the fluid flow through the capillary 
126 much less than locating the Teflon window 214 beneath the 
bottom sheet 116. 

One detector which also ends itself very well to the planar 
geometry of the microfluidic system 100 is a Total Internal 
20 Reflection ("TIR") detector. FIGs. 14 and 14a illustrate forming 
an aperture 222 through the upper sheet 114 of the pouch 108 to 
permit establishing a TIR detector. The lower sheet 116 of the 
pouch 108 is clamped to a lower face 224 of a TIR prism 226. A 
ray 228 in FIG. 14 illustrates a typical path for light through 
25 the prism 226. However, light passing through the prism 226 
along the ray 228 may interact with liquid contacting the face 
224 of the prism 226. A groove 232 is etched locally in the 
lower sheet 116, a few microns deep, so as to provide a very thin 
capillary 126 for liquid. Such a configuration is ideal for TIR 
30 measurements since light penetrates at most a few wavelengths 
into the liquid filled groove 232. An O-ring 234 disposed in a 
trench 236 formed in the base plate 102 beneath the sheet 116 
pushes the lower sheet 116 upward against the upper sheet 114, 
and against the face 224 of the prism 226, thereby making a 
35 liquid tight: seal between the sheet 116 and the face 224. A 
segment of the etched groove 232 located between the O-ring 234 
and the prism 226 is formed with a plurality of ribs 238, as 
illustrated in FIG. 14b, so compression of the sheets 114 and 116 
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„ ,34 does not pinch off t:he groove 232. The ribs 238 
"Uer%he groove 232, but prevent sealing of the 
allow l.quxd \„ j„ operation then, the liquid 

,.oove 232 '■V - 0-r.ng 3.^ ^^^^P ^^^^^^^ 

flows across the face 2, i„,„u„ent .onitors 

forced - ;'>;„^^:;:;/:::„,.„ ..e U,ht ray 228 entering the 
changes the i""""^^ ^^^„ g^cause the liquid 

rn'tL^gUretrcracr^e pr!s. 22. the eace 22. of the 
--";.r Tdep^s rnrgrrol^ratere^rophoresis capahiUt. 

.to re-:icroL.ic ^^^-^z^rJ^^^^i::^ 

of reaction products. If the p electrodes 242 for a 

♦.^-^T-r, Of electrophoretic electroaes 
a copper pattern of / readily sputtered, 

plurality of electrophoretxc cells 244 may ^,,,^,opho- 
Ld thereby bonded, onto the sheets ^J^;- J^^^^ 

,--11= 244 may be unlaminated sections of sneets 
retic cells 244 may ^^^^ ^^^^^ „f ^^e 

or they -V co-ist of groove ^^^^^ ^^^^^^^^^ ^^^^^ 
Sheets 42 and 44. " established during 

filled with -^-"°^7^„\^=jVh for:s the capillaries 12e and 
0 -"i— necessary, the copper electrophoretic 
:re::rrdr 2:2 ::; :- . protective overcoating of gold or any 

other inert metal. inlet-valve 246 and of an 

concurrent opening both of an in , ^.^ry 126 

. outlet-valve 248 "^^f ^^f Ln" he capillary 126 

permits a j:rcrropho::tic cells 244. While the 

past open °' \""^^^„,„^ ,He capillary 126 past the 

taction ,;^:::„:,al is appued across an elongated 

open """^^l^^ll and one of the electrophoretic electrodes 

30 transfer electrode 252 and o ^^^^^ j„„ 

„2 furthest from ^^at electrophoretic 

electrophoretic gel 2« a^ -J^ P ^lustrated in nc. 

344 some of 7;«'^,/,„,,,3tion separates the transfer 

15a, a layer 253 «ie electrodes 242 at the open 

35 electrode 252 from the electrop After reaction 

..d Of each Of the J-^^-^r "rectVo phoVetic ge> 245, the 
p^ducts are ^<,.dea ^^J^^ a preferably 

.electric potential is re. 
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inert liquid flows along the capillary 126. After the capillary 
126 has been purged, both the inlet-valve 246 and the 
outlet-valve 248 close thereby again sealing off all of the 
electrophoretic cells 244. At a later time, both the inlet-valve 
5 246 and the outlet-valve 248 may again be opened thereby 
permitting different reaction products to flow along the 
capillary 126 and to be similarly loaded into a different one of 
the electrophoretic cells 244. This process of loading reaction 
products into an unused electrophoretic cell 244 and then purging 

10 the capillary 126 may repeat until all of the electrophoretic 
cells 244 have been loaded with reaction products. After the 
electrophoretic cells 244 have been loaded, an electric potential 
is applied across the electrophoretic electrodes 242 of all of 
the electrophoretic cells 244 to perform the conventional 

15 electrophoresis process. 

As illustrated, in FIG. 15, an electrophoresis-cell 
control-valve 254 may be positioned at the opening of one or more 
of the electrophoretic cells 244 thereby permitting mechanical 
isolation of each electrophoretic cell 244 from the capillary 

20 126. FIG. 15a illustrates how laterally narrower edges 256 of 
the sheet 42 with respect edges 258 of the sheet 44 permits 
easily providing access for making electrical connections to the 
electrophoretic electrodes 242 and transfer electrode 252. 

2 5 Industrial Applicability 

Although the present invention has been described in terms 
of the presently preferred embodiment, it is to be understood 
that such disclosure is purely illustrative and is not to be 
interpreted as limiting. For example, while polymeric sheet 

30 material is preferred for the malleable sheet 42 of the pouch 22 
and/or , thin foils of metal and/or a metalized polymeric sheet 
material could be used instead. As is readily apparent, 
successfully laminating some of these alternative material system 
might require processes other than those described herein. 

35 Moreover, a microfluidic delivery system 20 or a microfluidic 
system 100 in accordance with the present invention need not use 
the preferred pair of sheets 42 and 44 or sheets 114 and 116 for 
the pouch 22 or pouch lOS. Rather a microfluidic delivery system 
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20 or a microfluidic system 100 in accordance with the present 
invention need use only a single layer, sheet 42 or sheet 114 of 
malleable material for the pouch 22 or pouch 108, while the 
material of the sheet 44 or sheet 116 may be rigid, thereby 
5 perhaps avoiding any need for the base plate 24 or base plate 
102, Analogously, while operation of the invention has been 
described for liquids, some configurations of the microfluidic 
delivery system 20 and the microfluidic system 100 described 
above may be used directly with any fluid, i.e. both liquids and 

10 gases, and other configurations of the microfluidic delivery 
system 20 and the microfluidic system 100 may be readily and 
easily adapted for use with liquids and gases. While for reasons 
of simplified control and power requirements piezo-electric 
actuators are preferred and, as described above electro-magnetic 

15 actuators may alternatively be used, a microfluidic delivery 
system 20 or a microfluidic system 100 in accordance with the 
present invention may also employ either pneumatic or hydraulic 
actuators. While the registration pins 28 or registration pins 
106 are particularly preferred for registering the pouch 22 or 

20 pouch 108 respectively with respect to the valve housing 32 or 
the valve plate 182, alternative means are practical for 
registering the valve housing 32 to the base plate 24 and the 
pouch 22 or the valve plate 182 to the base plate 102 and the 
pouch 108. For example, edges of the base plate 24 or the valve 

25 plate 182 could be juxtaposed with X and Y axis strips projecting 
upward from the anvil surface 26 or anvil surface 104. Alterna- 
tively, V-shaped grooves could be formed into the anvil surface 
26 or anvil surface 104 to mate with curved surfaces projecting 
downward from the valve housing 32 or the valve plate 182. 

30 Preferably such alternative registration means should provide 
kinematic location of the valve housing 32 with restpect to the 
base plate 24, or of the valve plate 182 with' respect to the base 
plate 102 that is not overdetermined. Consequently, without 
departing from the spirit and scope of the invention, various 

35 alterations, modifications, and/or alternative applications of 
the invention will, no doubt, be suggested to those skilled in 
the art after having read the preceding disclosure. Accordingly, 
.it is intended that the following claims be interpreted as encom- 
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The Claims 

What is claiined is: 



1. A first microf luidic valve for controlling a flow of 
5 a fluid through an elongated capillary that is enclosed along at 

least one surface by a layer of a malleable material, the 
capillary having an inlet port and an outlet port, the 
microfluidic valve comprising: 

a valve housing adapted to be pressed firm3y against the 

10 layer of malleable materialm- 
an actuator secured within said valve housing for producing 
movement toward or away from the layer of malleable material upon 
application of a control signal to the actuator; and 

a blade coupled to the actuator and shaped so that movement 

15 produced by the actuator toward the layer of malleable material 
presses the blade against the layer of malleable material thereby 
occluding the capillary and barring fluid from flowing from the 
inlet port to the outlet port, and whereby, upon retracting the 
blade away from the layer of malleable material, fluid introduced 

20 into the inlet port of the capillary may flow through the 
capillary to exit the capillary through the outlet port. 

2. The microfluidic valve of claim 1 wherein the actuator 
includes a piezo-electric device arranged in an orientation in 

25 which increasing or decreasing an electric potential applied to 
the piezo-electric device produces the movement toward or away 
from the layer of malleable material. 

3. The microfluidic valve of claim 1 further comprising 
30 a pouch that includes the capillary; at least a portion of the 

pouch, in addition to the surface of the capillary, being 
provided by a layer of malleable material that is shaped to 
provide a reservoir adapted for holding a quantity of fluid; the 
reservoir being in communication with the inlet port of the 
35 capillary so that upon application of pressure to the layer of 
malleable material of the reservoir fluid may flow from the 
reservoir into the capillary. 
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'"^'T^Irst se,.en. o. ..e capilXarv aa^acen. .o t.e in.e. po« 
ena. a s.aXX -°-;7\r:ip"t:;v"aliacen. « ..e ou.Xe. 

... ;.rrs -Z::s:U-J.r.. ..a. . .... ..an .ne 

area of the first segment, 
cross-sectxonal area 

, - «f claim 1 further comprising: 

a base plate having a planar anvx 
registration means; and paddle-shaped nozzle that 

. s^^^'^^^^^"^, '^::: a.ap.ea « ,ux«- 

includes the "^^''^.^^'''J ,,se pla« and interposed 

posed with the anv.l ^he anvil surface, 

between the blade of ^^^ J^'^ J^^.^^i.n „e»ns that mates with 
said nozzle including ^ ^'^^'^^l^^'^l..^^ „eans. a short segment 
and enqacpes the base-plate J^^^'^" outlet port 

Of the capillary intermediate the inlet P ^^^^^^^ 
bein, disposed accurately between the Made ^ 

, When the nozzle registration means mates 
base-plate registration means. 

' „.lve o£ claim 5 further comprising 

e. The microfluidxc valve ^ 

, pouch that of the capmary, being 

3 pouch, in addition to the su ^^^^^^^ ^^^^ ^^^^^^ 

provided by a layer °' . quantity of fluid; the 

provide a reservoir -='-P«- J°^\^°'t,rtl the inlet port of the 
reservoir being in communication wx ^^^^^ 
capillary so that upon aPP-=a-n of pres^ 
30 malleable material of the reser 
reservoir into the capillary. 

. ^ f„r use with a microfluidic valve that 
' ^°"=^:::n:bly releasing a flow of a fluid from the 
is adapted for controllabiy ^ 

pouch, the microfluidic -clu^^^^^^^^^ ^^^^^^ .ase-plate 

a base plate having a planar an 
registration means; and 
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a valve hou.in, adapted to be n.ated with and urged toward 
the anvil surface of said base plate, said valve housxn, 
incxudin, an actuator that producing .ove^ent toward or away fro. 
the layer of malleable material upon application of a control 
signal to the actuator, said valve housing also including a blade 
coupled to the actuator and shaped so that movement of the 
actuator juxtaposes the blade with the anvil surface, 
the pouch comprising: 

a layer of malleable material having formed therein a 
reservoir that is adapted for holding a quantity of the fluid, 
said pouch including a substantially planar, elongated, paddle- 
shaped nozzle that projects outward from ^^YJtTrJ.iTV^l 

adapted to be -J^^^ , rivl ho: ing and Ihe 

olate interposed between the blade of said vaj.ve 

l„Z surface, the nozzle including a nozzle registration means 
thit mates with and engages the base-plate registration means of 
said base plate, the nozzle also having an elongated capillary 
forLd within the nozzle that communicates directly with the 
rtsertoir, the capillary being disposed accurately between th. 
ZZ and the anvil surface when the nozzle registration means 
: With and engages the base-plate 

base plate, the capillary also including a outlet P°" 
Tistal from the reservoir, whereby, upon retracting the blade 
a^ay rom the anvil surface of said base plate, pressure applied 
to said pouch about the reservoir urges fluid in the reservoir 
Z flow out of said pouch along the capillary and through the 
::t et port, and whereby extending the blade toward the anvil 
sur ace pre;ses the malleable material of the nozzle together 
thereby Lcluding the capillary and barring fluid from flowing 
) from said pouch along the capillary. 

8 The pouch of claim 8 wherein the capillary includes: 

^ the capillary that extends outward from 
a first segment of the capiiiaty 

rtirectlv with the reservoir, and that nas 

and that communicates direci:iy 

= a small cross-sectional area; and 

" , „f the capillary that extends outward from 

a short segment of the capiiiaiy 

.ji-aftlv with the first segment, and that 
and that communicates airectly wicn 
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has a cross-sectional area that is larger than the 
cross-sectional area of the first segment* 



9. A inicrof luidic system for controlling a flow of a 
5 fluid comprising: 

a pouch having a capillary that is enclosed along at least 
one surface by a layer of a malleable material, the capillary 
having an inlet port and an outlet port, the layer of malleable 
material also being shaped to provide a processing chamber that 
10 is located along the capillary intermediate the inlet port and 
the outlet port; 

a pair of valve housings adapted to be pressed firmly 
against the layer of malleable material, a first one of said 
valve housings being located intermediate said processing chamber 
15 and the inlet port of the capillary, a second one of said valve 
housings being located intermediate said processing chamber and 
the outlet port of the capillary; 

a pair of actuators, one actuator being secured within each 
of said valve housings producing movement toward or away from the 
20 layer of malleable material upon application of a control signal 
to the actuator; 

a pair of blades, each blade being coupled to one of said 
actuators, and each of said blades being shaped so movement of 
the actuator to which the blade is coupled toward the layer of 
26 malleable material juxtaposes such blade with the capillary and 
presses the blade against the layer of malleable material thereby 
occluding the capillary and barring the fluid from flowing 
through the capillary, and whereby, upon retracting the blade 
away from the layer of malleable material, fluid introduced into 
30 the capillary may flow through the capillary; and 

a piston having a face that is adapted for controllably 
depressing the malleable material of said pouch about said 
processing chamber, the face of said piston being juxtaposed with 
said processing chamber. 

35 

IC. The microf luidic system of claim 9 wherein the face of 
said piston is Knurled. 
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11 A »icrof luidlc systen, tor controlUnq flows of a fluid 
..rough a Plurality of in«rconn.c«a , elongated capillaries that 
tre all enclosed alon, at least one surface by a layer of a 
rileable material, each capillary havin, an inlet port and an 
outlet port, the microfluidic system comprising: 

I plurllity Of valve housings adapted to be pressed firmly 
^ 4-wo laver of malleable material; 
'^""rplurairty Of actuators egual in number to the pluraUty 

cf vaj ^-^^'^^■-trTz::'z:::r::^::ir^^ 

Torrd^r-ra ^0^. layer of malleable material upon 

^-rpirut: :rrdrrain;^rrr tJe Xau. . 

valve housings and actuators, each blade being coupled to one of 
Ta d actuators, and each of said blades being shaped so movement 
of the actuator to which the blade is coupled toward ^"-J^^^ 
rueable material .u.taposes --^;-\rlirea:i: 
capillaries and presses the blade against the layer o^ 
>r»r.ial thereby occluding the capillary and barring the Iiui 

:r f^r^r: f rJm the ..t port to the ^ ^ tri; 
"rTird\rodra%:::v;rni::vr Of tn. capmary 

outlet port of the capillary. 

1.. The microfluidic system of claim 11 wherein at least 
one Of the actuators includes a pie.o-electric device arran d 
in an orientation in which "^oduces t,, 

„ ro:::r to-:^:r :-L:-::::r:: ^bi: matenai. 

13. .he microfluid.c system -aim 11 wherein sa. valve 

^Tr: aTeL lX"co:ptd\o rd actuator, the leaf spring 
includes a leaf spring F profile of the valve housing 

35 supporting said blade outside of the profile o 
within which said actuator is secured. 
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^^c. svstem of claim 11 further comprising 
,4. The microfluxdxc -V^^^"' ^ p^^^ion of the 

a pouch that includes ^^J^^^^^^^^^^^^^^^^ capillaries, .eing 

pouch, -/---;;:/raX ::::e material that is shape, to 
provided hy - J^^" i3 adapted for holding a 

provide reservoirs communication with the 

quantity of ;;:^jrp7llaries so that upon application of 

,„let -^^Yo\Z\tTof malleable material of such reservoir 

pressure to ^^^^/^^ reservoir into the capillary. 

fluid may flow from the reservoi 

,3 The microfluidic system of claim 14 wherein at least 

one Of the -P^^^^^;^^/:;;;';Tllary adjacent to the inlet port 
a first segment of the capiixary 

.„./.rrs rr:s-r:o.;..e. ... .^.e. .... ... 

* area of the first segment, 

cross-sectional area oi 

T.e .ic.o«lui.lc svs«. Of Clai. X. -Herein saia poucH 

a *-e»action chamber. 
) further comprises a reaction 

^ - fiaim 16 wherein said 

17 The microfluidic system of claim 

reaction chamber is an electrophoretic cell. 

^ » Claim 14 wherein said pouch 
3 18. The microfluidic system. of claim 

further comprises a heater. 

«f claim 14 further comprising 
19. The microfluidic system of claim 1 .^^^j^e 

a valve plate to which said valve housings together 
30 associated actuators and blades are secured. 

^ ^^^irT^ 1Q further comprising 

- - :::sr::cH .... pouch 

,„«aposea. saxa Hase plate ^^^^ ^^^^^ ^^^^^ respectively 

35 registration means, saia p valve-plate registration 

Having poucH registration --J ^"^^ ^ " .ase-plate 
„eans that respectively nate «ith 
registiration means. 
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The »l=rofluidic sys,.e,n o£ claim 20 wherein ridges 
protrude outward fro» the ahvil surface said base plate for 
ll^tlno contact between the pouch and said valve plate and the 
::::: housings camea bv said valve plate to sn.all areas about 
the valve housings. 

,2 The microtluidic syste,. of claim 20 further con>prisih9 
a heater secured within said base plate for heatin, a region of 
said pouch iimediately adjacent to said heater. 

33 The nlcrof luidic system of claln, 20 further comprising 
a coole; secured within said base plate for cooling a reg.on 
said p ach immediately adjacent to said heater. 

24. The microfluidic system of claim 14 wherein: 
a processing chamber is formed in the malleable 

, ™» of the capillaries intermediate the inlet 
said pouch along one of the capiij-an. 

oort and the outlet port of that capillary; and 

' a pa!r of said valve housings together with the a"''"^"- 

> actuators and blades are respectively located along the capillary 
on opposite s of said processing chamber; a °- ^ ^f^^^ 

valv! housings together with the associated actuator and blade 
being located intermediate said processing chamber and the inlet 
pItt Of the capillary, and a second one of said valve housings 

. Toge^-r with the associated actuator and blade 

intermediate said processing chamber and the outlet port 

"■'"rmirofluidic system further comprising a 

a face that is ^^^^^ x---^-:::!:-:z^ ^^t.. 

)0 material of said pouch about saio pro y ^h.mber 

of said piston being juxtaposed with said processing chamber. 

25. The microfluldlc system of claim 24 wherein the face 

Of said piston is knurled. 
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26. The .icrofluidic systen, of claim 14 wherein: 
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v.^rr.v.cr- are formed in the malleable 
r^r-or-essinq chamber are totm^ 

^ sL lTZ ail, one =f the capillaries inter.eaia» 

material of said p capillary; and 

..e inle. per. lll;^-";^:^^^^ „,«,er wi.. the associated 

' ^ Tblades are respectively located alon, the capillary 
, actuators and blades are P ^^^^^^^ ^ 

on opposite s "^^H'' ^he associated actuator and 
said valve housings <^°''=*''" the capillary 

.Xade being located ^-^"''^^^^^^l^lX the inlet port, and a 
T e"o7\\rvart:usTnrto,ether with the associated 
10 second one °' "j-* intermediate the outlet port of 

rrariUary sr processing chamber nearest to the outlet 

port. 

, pair of pistons each having a ^^^^^^^ ^^^^ ^^^^^ 

controllably depressing the piston 
,bout one of said processing chambers, the 
being juxtaposed with said processing chamber. 

The microfluidic system of claim 26 "^-'f ^^^^^^ 
-v, vKo dissociated actuator and blade are 
valve housing together with """f^ 3,,, p,i. of 

respectively located along the capillary 
processing chambers. 
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r-laim 26 wherein said pouch 
29. The microfluidic system of claxm 

further comprises a heater. 

30 The microfluidic system of claim 14 wherein one of the 
30 capiira;ies has an ultraviolet ("UV., window formed in the 

malleable material. 

31 The microfluidic system of claim 1. wherein the pouch 
.„clu:es a Total Internal Keflection <"TI«". detector disposed 

35 along one of the capillaries. 

3, The microfiuidxc syste. of clax. 14 further comprising 
32. The micr reservoirs. 
„.eans tor applying pressure to at le 
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